
UNCLASSIFIED

AD NUMBER

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

AD468847

Approved for public release; distribution is
unlimited.

Distribution authorized to U.S. Gov't. agencies
and their contractors;
Administrative/Operational Use; 26 MAR 1965.
Other requests shall be referred to Office of
Naval Research, Arlington, VA 22203.

ONR/CNA ltr 13 Sep 1971



SECURITY 
MARKING 

The classified or limited status ef this report applies 

to each page, unless otherwise marked. 

Separate page printouts MUST be marked accordingly. 

THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE NATIONAL DEFENSE OF 
THE UNITED STATES WITHIN THE MEANING OF THE ESPIONAGE LAWS. TITLE 18 
U.S.C., SECTIONS 793 AND 794.  THE TRANSMISSION OR THE REVELATION OF* 
ITS CONTENTS IN ANY MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY 
LAW. 

NOTICE: When government or other drawings, specifications or other 
data are used for any purpose other than in connection with a defi- 
nitely related government procurement operation, the U. S. Government 
thereby incurs no responsibility, nor any obligation whatsoever; and 
the fact that the Government may have formulated, furnished, or in any 
way supplied the said drawings, specifications, or other data is not 
to be regarded by implication or otherwise as in any manner licensing 
the holder or any other person or corporation, or conveying any rights 
or permission to manufacture, use or sell any patented invention that 
may in any way be related thereto. 

tttm 



[> 
rt< 
X 
X 
CO 

G£3 TH ca 
>- 
crj 

o n 
L- 1 r^ 
CJ C ; 

c^ 
».-j r

_. 
t. t. J ' . 
H- 
^ cr 

t.. 

« 

COMPLEX TARGET COVERAGE 
OEG COMPITER PROGRAM 13-63P 

By R. L. Smith, G. A. Westluncl, 
P.E.  DcPoy, R.V. Ridings, 

and S. A, Denenberg 

Research Contribution No. 68 

r«pr«Mfit th* vlawi of CNA ar th« U.S.Navy. 

I« may ba marflflarf ar withdrawn at any tlma. 

CONTtACT    NONI     373) (OO) 

CAM. 

^ 

i ST-* r 
."T'.  «T*"? 

Research Centribution 
OPERATIONS EVALUATION GROUP 

Center for Naval Analyses 
THE FRANKLIN INSTITUTE 

WASHINGTON 25, D. C 

I1S1A  D 

n* 



26 March 1965 

RESEARCH CONTRIBUTION 

Operatiois Evaluatiffl Gnnp 
CENTER FOR NAVAL ANALYSES 

COMPLEX TARGET COVERAGE 
OEG COMPUTER PROGRAM I3-63P 

ByR.L. Smith, G.A. Westlund, 
P.E. DePoy, R.V. Ridings, 

and S.A. Denenberg 

Research Contribution No. 68 
(On.gina^y IRM-45) 

This Research Contribution does not nee - 
essarily represent the views of CNA or 
the U.S. Navy. It may be modified or 
withdrawn at any time. 

DDC AVAILABILITY  NOTICE 

Qualified Requestors may 
obtain this report from 
DDC.    It has not been 
approved for Public Release 



. 

•I 

ABSTRACT 

This research contribution presents a usage manual for an IBM 7090 computer 
program. The program employs a Monte Carlo simulation todetermine the prob- 
ability of destroying individual point targets within a target complex with one or 
more groups of weapons. It is assumed that the groups are delivered with a 
bivariate normal aiming error and that the individual weapons are distributed 
with an independent bivariate normal ballistic dispersion. The program is 
designed for conditional damage data for fragmentation generated by an IBM 7090 
program furnished by the U.S. Naval Ordnance Test Station (NOTS), China Lake. 
A flowchart, a listing of the FORTRAN program and a sample problem are included. 
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I. L'\;TROD 'CTIOi'\ 

Pr<:vious OEG compu~(·r programs (reference (a)) detennim: tlu..· probability 
of d<:stroying r<:~tangular or lin<:> targ ~ts with a single group of wt·apons dt-liven·d 
"'ith a bivariat<:> normal atming <:rror, and considL·r the individual weapons to ~ 
dtstrihut<:d about their m<:an points of impact within th!.' group with a bivariat~ 
normal ballistic disp<:rsion. This program det<:rmines the probabilities of dt..·s
troying stationary individual point targets at various locations within a targt...et 
complex wtth on<: or more groups of weapons - making the same assumptions 
regarding aiming error and ballistic dispcr~ion as wl'r<: made in the pn.·vious 
programs. 

In consid<:ring the destructton of potnt tJrgl'ts, :1 conditionJl damage function 
is required. The condttional d:.~mage fun ·tion is ddm<:d m rcft·rence (b) as a 
function which giv<:s the probahHity that a t:uget which is locatt.·d at a partkular 
range and bearing from the w<:apon detonation point will suJfcr at least the stated 
dt.·grec of damage. Analytical functions which arc often used to approximate con
ditional damage functions arc a dcfini c -range ( ookic- 'Utter) function or a 
Gaussian function (thcse funcuon are d<:> . cnbcd in detati in r<:>l"L· ren~c (b). N<:ither 
of these arc completely ac.k·quate however, for dL·scribing the effects of frag
m<:ntation on a point target. The refore, thi · program has lx...·cn dcsi~'llcd to usc 
the output of th<: mM 7WO warhc.ad 1 thality program written at th<: U.S. Naval 
Ordnance Test Station (NOTS), China Lake. Ttw t'-:OTS program providcs,for 
each 5 dcgr<:c sector around the weapon, th<:> average probabilities of destroying 
a target located within :,mall cells at various radii from the d<:>tonation point. It 
should be not<:I.J that the d<:sign of th<: program uoc.· not pr<:cludt· the usc of a ~ookil·
cutter or Gaussian conditir .1al damage function If the probabilities arc dctcrmint.-d 
for ccHs at tlw proper radii (<:>xplaincd in a later section of this 1·esearch con
tribution for each 5 degree cgm<:>nt). 

u. GENERAL DESCRIPTION 

This program is a Mont Carlo simulation for usc on the mM 70~0 computer. 
It determines the probabilitic of destroying individual point target" within a target 
complex on the basi of the following assumptions: 

a. The aiming error and tht:' ballistic dispersion arc bivariate nonnal, and 
arc ir~tk--pendent in the same coordinates, hereafter called the range and deflection 
coordinates (the names applied to these coordinatt.•s result from a common appli
cation of the model to bombing problems in which the range coordinate is in the 
direction of the flight of the aircraft and the deflection coordinate is normal to 
the flight path in the horizontal plane). 

b. There is no cumulative damage effect, i. .c., thl· probability of destroying 
the targt.-.et with an individual weapon is independent of the number and locations 
of other weapons impacting in the vicinity of the target. For fragmentation effects 
this assumption is not rigorously valid since the damage criterion is often stated 
as som\.! minimum number of fragments per unit area with at least a minimum 
energy impacting on th<: target. Thus, even if the number of fragments impacting 
on the target from any one of the weapons might be lest; than the number specified 
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by the damage criterion, the sum of the fragments from two or more weapons 
might exceed the minimum numrer. 

c. T'le conditfonal damage function is symmetrical about the range coordi
nate through the weapon. 

Limiting inputs to the program arc: 

a. Number of target , J 00. 
b. NUJ bcr of weapon groups, JO. 
c. Number of weapon · p r group, 100. 
d. Number of conditiOn3l dam · ge function cell per 5 degree sector, 100. 

(Corresponding to a ma irnum radiu , of ffect of 3,920 fe t). 

The conditional damage data mu t lx: provided for eel Is at various radii from 
tbe weapon for each 5 degre s ct r. T h 11 - except for the innermost - are 
made approximately squaP in hare by ~1 cting the out r radius of each cell 
to be equal to the inner radiu times the fat.:tor (1 +sin 5° ). Tht: outer radius of 
the inner cell for each e tor JS equa l to 1 foot ( ee figure 1). The value of the 
conditional damage function i aken as J when the radius is less than 1 foot, 
i.e., for aU of the inner c 11 · . The individual ells are denoted by a pair of 
subscripts, k L wher k r f r · to the .kth ctor numbering from the tail of the 
weapon and 1 refer to the ]t ccJlln a given sector numbering out from the 
weapon. The program accept th ' OTS output, in which angles are measured 
relative to the bomb tail a hown in figure J. All angles calculated in the 
program however, are measured from th bomb nose, positive direction counter
clockwise; but because of symmetry about the range coordinate of the bomb, 
values of the conditional damage function for angles that are measured from the 
bomb tail can be equated by a simple scheme to angles that are measured from 
the bomb nose; i.e., a cell having a 10 degree angle measured from the bomb 
nose would have the same conditional damage value as the corresponding cell 
in f~gure 1 having the 175 d gree angJ e . 

In addition to the parameters specifying the weapon effects and aiming and 
ballistic dispersions, the program inputs consist of parameters specifying the 
target locations, the angle of approach to the target for the deliv~ry of each 
group of weapons (measured from the X-a.xis to the R-axis - see figure 2), the 
reliability of the individual weapons, scale factors to shrink or expand the 
weapon patterns, the number of dummy passes through the random number 
generator and the number cf !donte Carlo iterations to be made. 
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III. ~tETIIOD i~ SOL LT IO:\ 

TilL· input. · fur t l: progr.Jm cun~h t of thL' fol lowing pur.JI1lL'tl.: r:-: 

,\ddrL· . :->, .. 

l, I , 

I , I . ., 

I , I . : ~ 

I, I. ~ 

I, I . . .., 

I, 6 
I, I, 7 

I, H 

1 ' 

I , l , l 0 

l , I , J J 

J , I , J 2 

n 
r 

i\c 

~-t 
AR 

AD 

BR 

J , 2. J ••• J 2, JO 1\: 
I 

1 , :3 , I ••• J , :> , I 0 e> . 
I 

l , 4 , 1 ••• I , 4, J 0 A Xi 

l, 5, J ••• 1, 5 , 10 AYi 

J , 6 , I • . . J , 6 , J 00 X 
tn 

I , 7 , J • • • I , 7, J 00 Y 
111 

2, 1, 1. •• 2,1,100 b.Rjj 

:z, JO , J ••• 2, 10, JOO 

FORTRA:\ LubL'I DL· ·.:-ript 101 

:\T :\um ix.· r uf t.t r g L'l ::-

~1C I 
:\I ~ P 

REL 
SIGR 

SlGD 

BR 

BD 

GR 

GO 

(I) 

.'\LPIIA(l) 

AX( I) 

AY(l) 

X(M) 

(M) 

DELR(I, J) 

:'\um h ... · r Ol \\'L'.lP lll ~TOtlp :-> 

:\umiK-r ~~~ · ~lulliL ' : .~ rio tiL' nit ions 
i\umlx.T 11f '- ' lllpl~ P""" ·"''-·:- tllroug-11 
r.111dom Ill lin lx· r g~. · nv rato r 
:\um r vr uf th.lllhlgl' pruh.1htlll~ 
·onwu r s 

\lh·upon r ·lia bilit~' 
R:t ngL' ~~ immg L'l·ror, stand;.tnl 
dl'v tut ion 
OL'fk:ctt >11 11111 ing L'JTnr, st :tnd 1 rJ 
dL·v t:lt ion 
Rang · b:1l l istic displ'rsion, 
stand;J nl dl'Vi:ttiun 
IJ ·flcctton hallistiL' dispe r s ion, 
sw nd, nl dev iation 
R;tngl' s ·;.Ill' f;.H·tor for weapon 
group 
Dcfl<:ction scale facror fur 
wc.:upon group 
Num her of w_·upons in ith group 

Angle of approuch for tiL· I ivt·ry 
of ith group (dL'grccs ), 0 · o . < :ioU 

I 

Aiming point of ith group X
coonl inutt• 
Aiming point' ol jlh group ¥
.:-oord in~! L' 

Target location of mlh turgct, 
X -coordinate 
Target lot:<.!tjon of mth turget', 
Y -coordinate.: 
Aimpoint range displacement of 
jth wt:dpon of ilh group from group 
aim i ng point 
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Address Symbol 

3.1.1...3,1,100    ^ 

FORTRAN Label 

-    DELD(I,J) 

Description 

Almpoint deflection displacement 
of j"1 weapon of i1*1 group from 
group aiming point 

3,10,1...3,10,100 
4,1,1...4,1,100    C kl C(K, L) Probabilicy that a target located 

in the k^ sector of the l^ annulus 
is destroyed 

4,36,1...4.36,100 

Values for addresses 4,1,1 through 4,36,1 need not be entered by the user 
since the program itself sets these values to 1.0.   The user may, however, enter 
whatever values he wishes for these cells and they will be used by the program. 

The program flow chart and FORTRAN statements are included as appendixes 
A and B.   The solution is obtained in the following manner: 

1. Before starting the first iteration for the first data set, n   dummy passes 

are made through the random number generator (see appendix C).  Thus, if the 
same data are run more than one time, a new set of random numbers can be 
selected for each run. 

2. For each weapon in each group, the displacement from the group 
reference point (AR, /y.) is adjusted with the scale factors (GR, Gn) to spread 

or shrink the pattern: 

"A.. 
ij 

GRAR. 

»D.. = G DV 

(1) 

(2) 
ij 

3.   For each Monte Carlo iteration: 

A.   Given the group aimpoint (A^., AY.), the standard deviations of aim 

error (aARf aAr0' tw0 ranc'om numbers (n., n„) selected from a standard nor- 

mal distribution (zero mean and unit variance) and the approach angle a., the 

coordinates for the pattern impact reference point relative to the X, Y axes are 
determined for each group: 

'Xi Av. + n, c .„ cos O'. + n0 aAr. sin a. Xi      1   AR i       2   AD i (3) 



and for 0 « R < 1, 1 = 1 

R ' '• ' = jnO^ sin 5") + 2] <10> 
(where [x] is defined as the largest integer less than or equal to x). 

F.   From the conditional damage data for the kl1^1 cell, C.. gives the 

probability that the m1*1 target is destroyed by the ij"1 weapon.   Given the 
reliability (^), the probability that the m1^ target is destroyed by at least one of 
the weapons is: 

t    =1.
NG        Ni        (l-^Ckl) (11) 

m n— nrr 

i = l j=l 

4.   The Monte Carlo iteration is repeated (i) times and the values of t 

are accumulated for each target.   At the conclusion, the estimate of the proba- 
bility of destroying each target is determined by: 

I 
m 

P^ = N-^  (12) 

IV.   USER'S INSTRUCTIONS 

An OEG Subroutine, 1-63S, called DATA (see appendix E) is used to read 
the punched card data sets into the computer.   A feature of this subroutine is 
that data are identified and stored in the computer memory through the use of 
addresses that are the subscripts of the internal data array. 

The addresses shown in section III are punched into cards together with 
the values of the parameters stored at those addresses.   A data form which 
contains the addresses and parameter values is shown in section V for the sample 
problem.   Any number of successive data sets may be submitted at one time 
as long as the data sets are separated by one blank card and the last data set 
in the pack is followed by two blank cards.   Successive data sets may contain 
cards for only those parameters that have values different from the preceding 
data set. 

V.   SAMPLE PROBLEM 

Four targets located at (1, 2), (3, -3), (-1,1) and (-2, -1) are to be attacked 
with two groups of weapons of two eacn.   Each weapon has a "cookie-cutter" 
damage function with a radius of effect of 1.   The standard deviations of aim 
error are 3 in thr range coordinate and 1 in deflection.   The ballistic dispersion 

f 
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R,,. - A.,  - n,  '. n sin c>. 
\\        Yi        I    AR i 

n, ^AD cos oj (4) 

(i = 1, 2 Nc) 

H.   For each weapon in rhc group, the group impact reference point 
(Rw . Ry )> the weapon ilispl a cement irom the reference point (4«; .  ^nij^ 

the suindartl deviations of iwllistic dispersion ( ".,„,    ni-v). two standard normal 

random numbers (n.,  n.) for each weapon, and the approach angle u., the 

coordinates of the weapon impact point relative to the X,  V a\es are d.iermineil 

RX. + (nJ  'BR^RU^'"^
0

^   1}ü
+
 *Dij)sin 

Y.   =R.,. + (n1  7.,D + 4n   ) sin a   - (n,,   •1,rv+   J„..) cos o 
IJ       Yi I    BR       RIJ i 2    I5D        DJJ i 

(j =  I, 2,   ....  X) 

(C>) 

C.   For each target, the separation distance (squared) from each weapon is 
determined using the target location (X    ,  Y    ) and the weapon impact points 

(X.., Y..): 
U      'J 

R2 = (X    - X   )2 + (Y    - Y   )2 

IJ       m ij      m (7) 

D.   It" the square of separation distance, R  , is less than the square of 
maximum radius of effect of the weapon,  R^       , the relative heariiu' of the r max ^ 
target from the weapon is determined using an OFG Subroutine, ACOSD (see 
appendix D). 

- =  I cos 
.   / X    - X. 

-1 m       ij ...    .R 

Y    - Y.. 
m       ii 

(S) 
m ij 

E.   The conditional damage coniour cell numbers,  k and I, are then 
determined as follows: 

for  (T - -: •' 5! , k = 1 

5   ~     ?: 10",       k- 2 (^) 

175- 180°,     k = 36 

_^ Wa 



is I in r.iii;j(. ami O.S m dt. ikxt mn.    1 IK ixlijbility of tin.  uwipoi^ i- O.s. 
Tlic ccnk-rs oi Ixiili groups arc amud at ihv origin oi rlk' \-y a\rs (O.il) aiui the 
\svjpons JI\- spaced along tin.  rangi.- L'oorilnuitL  2 unils apart.   Oiu  group is 
IIL-II\ L ml at an aiigk- ol   HI   lo IIK- \-a.\i>, Ilk' other al an anglr ol   I >()   to thv 
X-i.lXlM. 

R(2) 

^ 
:n 

0(2) 
4 

r 

\ 
\ 
\ 
D(l) 

S 
R(l) 

•   Target 
x  Weapon  aimpoint 

FIG. 3:   SAMPLE PROBLI-M 

The input data are shown on the attached sample data form. 

VI.   KEYPUNCH INSTRUCTIONS 

Keypunch instructions for the use of DATA Subroutine,  1-63S, are con- 
tained in appendix K. 

VII.   OPERATOR'S INSTRUCTIONS 

Run under control of the Bell System on the IBM 7090.   ISo special instructions, 

  



VIII.   TIMING 

This program requires approximately: 

-j-nj x N_ x I x ^ N. seconds 

where 

NT     =   number of targets 

I        =   number of Monte Carlo iterations 

i=l 
N     =  number of weapons in all groups summed, 

10 



i.-      iiaccT      iNfurs 

Ul >ll  .-, li «(.»PCN   ■«■«UtPi lltBAIlONS mUHlLITV »«NOON  »«UWHt«   »ASSES 

• i 3000 O.HCCO 11* 

AICIK&  tKKOH,   l-EET 
B4LLISIIC   tUBOR,   FEET 
ORCUP   SCALt  FACTOR 

RANGE 

3.0 
1.0 
1.0 

DEFLECTION 

1.0 
O.S 
1.0 

CRCUP 
NUfBER 

AIMING   POINTS 
X Y 

APPROACH  ANCLE! 
DEGREES 

NU«»£«  OF 
WEAPONS 

C. 
30.0 

150.0 

GROUP 
NUMBfcK 

WEAPON 
NUMBER 

AIMPLINT   DISPLACCKtNTS,   FEET 
RANGE CefLfcCTION 

I 
2 

1.0 
1.0 0. 

2 
2 

1 
2 

1.0 
1.0 

11 
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-  

I l.CUiCC 
I I. (JOUH; 
i t.COCUJ 
4 1 . C C f C Ü 
5 l.CCCOO 
6 I.CÜOÜÜ 
f l .UCCCÜ 
8 l.CCCCU 
S» l.CCCOO 

10 l.COOOG 
11 1.0CC0Ü 
12 l.CCLCO 
13 l.COLCU 
14 1.ÜÜÜ00 
IS l.CCCGO 
16 l.CCCCO 
17 l.CCCOO 
1« I.00000 
; v l.OOCGO 
2C l.CCCCO 
2i l.CCCOO 
22 1.00000 
23 l.OOCOO 
24 l.CCCCO 
25 l.CCCOO 
26 1.00000 
27 l.OOCOO 
2b l.CCCOO 
29 I.00000 
30 1.00000 
31 l.OCCOO 
32 l.CCCOO 
33 I.CÜCOO 
34 I.00000 
35 l.COCOO 
36 l.COCOO 

CtiTKUCTION   PRObABILITY   CONTUURS 
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TARGLT 
NUMBCR 

1 
2 
3 
4 

LCCATIUNb 

1.0 
3.Ü 
1.0 
•2.0 

2.0 
-3.C 
l.C 

-l.G 

KILL 
PBLBABILITY 

0 
c 
0 
0 

.llti 
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Submitted by: 

Program No. ^ 

CNA COMPUTER DATA SUBMITTAL FORM 

<S<9*JL, Date uJL&S 
//3-C3 P  K««- 

T»^ 
Special Instrui rions: 

Address 

LJJ_ 

A/,J 

/,/,£ 
/,/,? 
/,/J 
AAl 

//,// 

/,/,/*}     / 
As2j_ 
AAA 

i£^ 
/,J,<z, 
A^cL 
tJ,JL 

Value 

It 
3 

/ 

oZ 

o 
o 

Value 

/ 

-3 
-/ 

/ 

-/ 

_-_/_ 

Address I 
\ 

Ü 21 \ 

u ^/ 
^^ 

1 

f 

-^ 

/v^^ 

0 

.^LL 

6 

y; -»«<«£/-.-_ Classification * &sy. 

Address Value 

•T 

i 

■ -■ 
i 

Address Value 

NOTES: 

1. A value of zero must be entered as 0, not left blank. 
2. Decimal pts. may be omitted if understood to follow the rightmost digit. 

3. The value 3 X 10'5 may be entered as .00003 or 3-5. not as 3 X 10*5. 
4. The factor portion of a value may not contain more than 8 digits. 
5. The exponent portion of a value must lie within the range ±39. 
6. Exponents may be omitted if zero.   If not, they must be signed. 

7. Blank cards should be indicated by.    ; -b . 

14 
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References:   (a)   NAVWAG Interim Research Memorandum, NIRM-12; "Usage 
Manual for a Computer Program to Compute the Effectiveness 
of Groups of Weapons against Rectangular and Line Targets" 
Unclassified   11 Dec 1959 

(b)   OEG Study 626, "Probability-of-Damage Problems of Frequent 
Occurrence"   Unclassified   II Dec 1959 

15 
(REVERSE BLANK) 



APPENDIX A 

FLOW CHART 

A-l 
(REVERSE BLANK) 

■ -- 



1 

II H 
A 

i 15 
m 

■ 
H £ 

tt V5 

I 

t 

t 
Z 

0    : 
u   —" 

• -   " 

I 
1 

It 
) 

\ 
^ 

\ 

A-3 



■ 

— 

• 

■ 

. H?" 

A-4 

, t , 
1 21? 

1 »*     1 

te 

0 
M 

t 
i 1 

* w                  •                          1 

* -  > ;- 
Si?«   ä 

f ^ if 
r? / ♦ ^ •,>5-   -,'" 
1     "                -^ 
1   >               >"                  f 

'. 
■ 

■ 



■ I 

I 

<* »* 

5 P1 
•-»    1 

>* y 
v-/ ^^ 1      " •r 

!   «*••? 
L ot 

0« 

\ 

A-5 

1 
J 

If 
1 



   ,l11 1111 
. 

:***. r 

s 

v 
s 

A-6 

■  —^ —  .  
.  .__ ._ ■■■ -■ 



"■ 
m 

■ 

■ 

APPENDIX B 

PROGRAM LISTING 

B-l 
(REVERSE BLANK) 

         ■ .— — 

, 



  

DIMENSION 0(4,36.100). OCLRI10*100) • OELOI10.100). P(IOO), 0(100)« 
tT(lOO). X(IOO). Y(IOO). N(|0), ALPMA(IO), AX(10). AV(10). COSA(IO) 
2t SINA(IO), RN(2).C(4.J6.100).LL(10) 
EQUIVALENCE (0.0.(0(721 ) *REL) . ( 0( 865) . S t CR ) * (0( 1 009 ) . S ICO) • 
1(0( 1 153).BH ).(0( 12(i7).bO).(0( 144 1 ) . GR ) . ( 0(1 SA5 ) .GO ) 
00 10 1=1.14400 

10 0(I)s0.0 
CO IS K=1.36 

IS C(4.K,I):|.0 
RELsl.O 
GR=1.0 
G0=1.0 
NG=1 

20   CALL OATA ( 0 . 4 , 36.I 00. I NO) 
IF (IND-I) 30,420,20 

30 NT=0( t . 1, 1 ) 
NG=0(1.1.2) 
PCI=0( 1 * 1.3) 
NEP=C(1,1.4) 
NC=D(1,1.5) 
ATbHV=1.0*SINDF(5.0) 
NCX-2»(NC-I ) 
HMAXSO = ATei<V««NCX 
IF    (NEP)    41 ,41 ,35 

35   DO    40     1=1.NEP 
40 CALL    GHNUMB     (DUMMY) 

0(1.1,4)=0.0 
41 DO    45    1=1,NO 

N( 1 )=0( 1,2, I ) 
ALPHA(I)=D(1,3,1) 
AX( I ) = D( 1.4,1) 
AY( I ) = D( l.b, I ) 
II=N( I ) 
DO 45 J»l,11 
OELR(I,J)=D(2,1.J) 

45 DELD(I,J)=0(J,I.J) 
PRINT 50 

50 FORMAT     (1H1,    3üX,    41HC    OMPLFX TARGET INPUTS) 
PRINT    SI 

51 FORMAT (////1JX, 8HCCNT0URS. 5X.  7HTAHGETS. 5X. 13HWEAP0N GROUPS. 
1  5X.  10HITERATI0NS, 5X, I 1 HRELIA8IL I TY, 5X, 20HMANOOM NUMBER PASS 

2ES) 
PRINT 52, NC, NT, NG, MCI, REL, NEP 

52 FORMAT (//15X, 14, 9X, 13,  12X,  12*  13X, I5< 
PRINT 53 

53 FORMAT  (////42X,5HRANGE, 15X, 1OHOEFLECTI ON) 
PRINT 54. SIGR. SIGO 

54 FORMAT (//10X, 18HAIMING EMROR. FEf:T,I3X, FtS.l 
PRINT 55, OR, ÜD 

55 FORMAT (10X, 21HBALLISTIC ERROR, FrFT,l0X, F6.1, 17X, F6.1) 
PRINT 56, OR, GO 

56 FORMAT (10X, I eHGROUP SCALE FACTOR,I3X, F6.1 , I7X, F6.1) 
PRINT 57 

57 FORMAT  (//////12X, ShGROUP,14X,  13HAIMING POINTS,!IX,  15HAPPR0ACH 
1 ANGLE,.QX, QHNUMBER OF) 
PRINT 50 

50 FORMAT (12X, 6HNUMUER, 11X. 1HX,  15X. 1HY. 13X, 7H0EGREES. I4X. 
17HIKEAPCNS) 
PRINT 59 
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59 

60 
61 

62 

63 

AXI I ).    AVI I ). 
12.    tlX.    F6.i 

ALPHAII).    Nil) 
i    I0X.   F6.I.    I2X, F5.I.   I6X.   13) 

12X.    SHCROUP.    7X.   6HMt:AP0N,    6X.    28HAIMP0INT   OISPLACEM 

64 
65 

68 

69 

70 

7 I 

72 

73 

74 
75 

76 

80 

90 

95 
100 

I 10 

120 

130 

4IX.     3?HDC:STHUCr ION    MliOPAH IL I I V    CONTOUMS) 

FORMAT I1H0) 
00 60 Isl.NC 
PRINT 61. I . 
FORMAT (I3X. 
PRINT 62 
FORMAT (1HI. 

1ENTS. FEET) 
PRINT   63 
FORMAT    ( I 3X.6HNUMBIiR.6X.6HNUMnER.9X.SHRANGE .7X. I OHOEFLEC T I ON ) 
PRINT    59 
00   6*    1 = 1 .'JC 
PRINT    59 
Il-N(I) 
00   64    J=l .1 I 
PRINT   65,1.     J.    OELH(I.J).    OFLD(I.J) 
FORMAT    (14X.     12.    9X,     |J,    9X,    f6.l.    9X.    F6.I) 
NCP-NC 

JU = 0 
IF    (NCP-10)    68.68.69 
JU=JU*NCP 
NCP^O 
GO    TC    70 
JU=JU»10 
NCP=NCP-10 
JL=JL*I0 
PRIM    /| 
FORMAT    ( IHI 
LL( I )=JL 
CO    7?    1^2.10 
LL( I )=LL( 1-1)4-1 
LLL=JU-JL*l 
PRINT    7 3.    ( LL( I ). 1 = I .LLL ) 
FOHMAI     (IHO.     10X.     IHK.     6X 
DO    74    KK = 1 , 36 
PRINT    75,    KK,     ( C(4.KK,LNC ) .   LNC-JL.JU) 
FO«M«r    (10X,     12,    6X,     10(F7.1-,,    JX)) 
IF    (NCP)    76.76.67 
Ni r = o 
CO    HO     1=1.NT 
Q( I 1=0.0 
CO   ')0    1 = 1.MG 
COSA(I)-COSCF( ALPHA! I ) ) 
SINAII)=SINCF(ALPHA! I ) ) 
JJ=N(I) 
DO  qo  J=I,jJ 

DELHI I.J)=OELR( I , J)«GR 
DFLDII,J)=DELO( I . J)«GC 
DO   95   M=1.NT 
X(M)=DII,6.M) 
Y(M)=D<I.7,M) 
M T = M T»l 
DO    I 10   MM, NT 
TlM)=|.0 
IG = 0 
IG=IC*1 
DO    1"!0    1=1.2 
CALL    CRNUMUIRN( I ) ) 

I0( I  1, 7X ) ) 
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140 

ISO 
160 
170 

180 

190 

200 

210 
260 
270 
280 
281 

282 
283 

290 
300 
310 
320 
330 
340 

350 
360 

370 

380 

390 

400 

410 

420 
430 

RX = AX(IG)«RN( 1)*SIGR«COSA( I C )*RN(2)«StGO*SINA(1C ) 
RY = AYIIG)*aN( 1 )*SICH«S1NA( IG )-RN(2)»SIGO*COSA< IG) 
J«sO 
J«sJW*l 
IF (BR^BO) 170.170.150 
CO 160 I"1.2 
CALL   GRNUM8(RN(I)) 
XX = RX*(RN( I }*6R«0ELR( 10. JW) )«COSA( I G ) ♦( RN ( 2 ) •RO«'0EL0( IG. JM) )• 

ISINA(IG) 
YV = RV*(RN<1 )«0R*0ELH( IG.JW ) ) »SINA(IG)-IHN(?)«BU*OELO( iG.Jk))»COSA 

1 ( IG) 
MT = 0 
MTsMT«! 
IF    (T(MT))    300.300.190 
RS0=(XX-X(MT))»»2*(YY-y(MT) )»»2 
IF    (RSQ-RMAXSO)    200.200.300 
R=SQRTF(RSQ) 
IF    (R-1,0)   290.2J0.210 
THeTA = ABSF( AC0SDF( (X(Vf)-XX )/R )-SIGNF(ALPHA( IG).Y(MT)-YY)) 
IF    (THETA-180.0)    280.280.270 
THETA=J60.0-THtTA 
IF(M00F(TMcTA,5. ))    282.281.282 
K=THETA/5. 
GO    TO   283 
K=THETA/5.+ 1 . 
L = L0GF(R)/L0GF< ATEHM)*2.0 
K37=37-K 
T{MT) = T(MT)«( l.0-C(4.K3 7.L)«REL) 
GO    TO    300 
T(MT) = T(MT)«(l.O-HEl ) 
IF (MT-NT) 180.310.310 
IF (JW-N(IG)) 140.320.320 
IF (IG-NG) 120.330.330 
DO 340 t>-l,UX 
Q(M) = Q(»')*T(M) 

IF (NIT-MCI) 100.350.3bO 
DO 360 K=1,NT 

P(M)=1.0-Q(MJ/FLOATFCMCI ) 
PRINT    370 
FORMAT      (1H1,    12X.    6HTAHGET.    10X.    VHLOCATIONS.    14X.    4HKILL) 
PRINT    380 

FORMAT    {I3X.    bHNUMBER.     7X.     1HX.    13X.    1HY.    10X.     I 1HPROBABILITY) 
PRINT    59 
K*0 
DO   410   Nal.NT 
K = K*1 
PRINT    J90.    M.    X(M).    Y<M).    P|M) 
FORMAT    (13X.    13.    6X.    FO.l.    8X,    F6.1,    7X,    F7.3) 
IF     (K-10)    410.400.400 
PRINT    59 
K = 0 
CONTINUE 
GO    TO   20 
PRINT   430 
FORMAT    (1H1) 
CALL   ENDJOfci 
END 
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APPENDIX C 

GRNUMB SUBROUTINE 

1.   Purpose: 

GRNUMB provides a floating point pseudo-random number X The distribution 
of successive values of X are Gaussian with a mean of zero and a standard devia- 
tion of one. 

2    Method: 

Consider the set of uniformly distributed pseudo-random numbers  Y. .   GRNUMB 

generates a sequence of Y. by the method of congruences: 

Y. = 2'35 (S^V, . mod 235) 

over the range  0 s Y. < 1 .    The variance of this uniform set is 

= J   (Y-l/2)2dY = 1/12 

If X is the mean of any selection of  m  of the uniform numbers  Y , the Central 
Limit Theorem states that the variable  X  approaches a normal distribution where 
m is sufficiently large.   A satisfactory value for   m  is 30.   Values of X  are 
generated as a sequence of X   , where  n denotes the rfi1 entry to GRNUMB. n 

m .    m 30 

i=l i=l 

where Y   = X    . , and X   = 2  "" ,    The variance of this normal set is   1 . o       n-1 o 

3. Usage: 

X is obtained by use of the statement: 

CALL GRNUMB (X) 

in a FORTRAN program for the IBM 7090. 

4. Coding Information: 

See the symbolic listing on the following page.   GRNUMB is written in the 
7090 FAP language    It requires 40 words storage space and 900 microseconds 
operating time. 
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SYMBOLIC LISTING 

FAP 
REMGRNUMBG   WESTLUND      18 JUNE 1962    (7090> 
REM GAUSSIAN DISTRIBUTED RANDOM NUMBER GENERATOR 
REM ENTER VIA FORTRAN STATEMENT CALL GRNUMB (X; 
REM SEQUENCE STARTS AT DEC 1. YIELDS X WITH STAND. DEV. =1 
ENTRY GRNUMB 

GRNUMB SXA XXI.  1 
CLA 1,  4 
STA F 
AXT 30.  1 
STZNUM 

C LDQ NUMB 
MPY MULT 
STQ NUMB 
CLA NUMB 
SUB CHAR 
ARS 4 
ADD NUM 
STONUM 
TIXC,  1,  1 
LDQ NUM 
MPY MAGIC 
LRS27 
TZED 
LRS8 
CLA H125 
ADDH8 
LLS 8 
ALS 19 
TRA E 

D CLA H125 
ALS 27 

E STONUM 
CLA H125 
LLS 27 
FAD NUM 

F STO*' 
XXI AXT **, 1 

TRA 2, 4 
NUM HTR ** 
NUMB DEC 1 
MULT DEC 30517578125 
CHAR TIX 0, 0, 0 
MAGIC DEC O.31622780B0 
H8 DEC 8 
H125 DEC 125 

END 
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APPENDIX D 

ASL\ SUBROUTINE 
1.    Purpose: 

Given the floating point argument X, ASJK provides a floating point number 
Y, where 

Y= sin^X 

1 ? X - 1 

--/2 s Y <   "/2 

or Y= cos^X 
-1 -- X s 1 

0 ^ Y r - 

Depending upon the entry to the subroutine, Y may be found in radians 
or degrees. 

2.    Method: 

A series approximation (Hastings),  is used to find the Ar^ cosine.   If the 
Arc sine is desired, the arc cosine is subtracted from r/2.   The result is then 
converted from radians to degrees if desired. 

Arcsin X =  J  -  /1-X   4)(X) 

^(X) =30 + 3^ + a2X2 + ... + a7X7 

ao = 1.5707, 9630, 50 

a1 = .2145, 9880, 16 

a2 = .0889,  7898, 74 

a3 = -.0501, 7430, 46 

a4 = .0308, 9188, 10 

a_=-.0170, 8812, 56 

a.= .0066, 7009, 01 
o 

a7= -.0012, 6249, 11 

degrees = 57.2957, 7951, 3 radians 

3.    Usage: 

Y is obtained by use of one of the four expressions below in a FORTRAN 
program for the IBM 7090. 

ASINF(X) 
ACOSF(X) 
ASINDF(X) 
ACOSDF(X) 

Arc sine X (radians) 
Arc cosine X (radians) 
Arc sine X (degrees) 
Arc cosine X (degrees) 

4.    Coding Information; 

See the symbolic listing on page D-2.   AS IN is written in the 7090 FAP 
language.   It requires 51 words storage space and 850 microseconds operating time. 

D-l 
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SYMBOLIC LISTING 

ASIND 
ACOSD 

AS IN 
ACOS 

B 

E 

X4 

S 
X 

FAP 
REM3-62SASIN    G. WESTLUND    7090 
REM ARCSINE-ARCCX)SINE SUBROUTINE.   ENTRY VIA FORTRAN 
REM EXPRESSION ASIN(X) OR ACOS(X) YIELDS RADIANS. 
REM ASINTKX) OR ACOSD(X) YIELDS DEGREES. 
REM ARCSINE RANGE = -90 to+90, ARCCOSINE RANGE = 0 TO 180. 
ENTRY ASIN, ACOS, ASIND, ACOSD 
SXD S. 4 
SXA S, 4 
TRA *+2 
SXD S, 4 
SXA X4, 4 
STO SIGN 
SSP 
TZE D 
STOX 
CLA ONE 
FSBX 
TZE e. 
CALL SQRT 
STOR 
AXT 7. 4 
LDQT+7^ 
FMF X 
FADT+7, 4 
XCA 
TIX B, 4, 1 
FMPR 
FAD PI 2 
LDQ SIGN 
LLS0 
LXDS, 4 
TXH E. 4, 0 
CHS 
FADPI2 
LXA S, 4 
TXL X4, 4, 0 
XCA 
FMP CONV 
AXT **, 4 
STZS 
TRA 1. 4 
HTRO 
HTR *• 
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SIGN 
ONE 
PI2 
R 
T 

CONV 

SYMBOLIC LISTING (Cont'd) 

HTR •• 
DEC 1. 
DEC 1.5707963 
HTR •* 
DEC -.0066700901,  .0170881256, -.0308918810,  .0501743046 
DEC-.0889789874,  .2145988016,  -1.570796305,   .0012624911 
DEC 57.295779513 
END 
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APPEhDIX E 

DATA SUBROUTINE 

1.   Introduction: 

Many computer programs require the flexibility of varying any or all of the 
iwnnnciers in a computer run.   Although FORTRAN is fairly flexible in its 
.irithmctic and control statements,  its input-output statements are .juite rigid. 
In order to read cards for instance, considerable effort must be expended by the 
IORTRAN programmer in writing his input statements.   This subroutine eliminates 
sonic of that tedium.   The concept of a "data set" is used.   A data set consists of a 
sequence of punched cards terminated by one blank card.   A parameter deck for a 
(.'imputcr run may consist of several data sets.   Such a parameter deck is terminated 
by two blank cards. 

2. Parameter Addresses: 

The primary advantage of this subroutine over FORTRAN input statements re- 
sults from the use of "parameter addresses."   An address is a relative location in 
the computer memory.   It is the subscript of an array or matrix.   For example, in 
an array called  X , the parameter value  X-^ would be located at address  53 .   By 

using the parameter addresses, a user of the program need submit only those param- 
eter values in a data set that are different from those in the previous set. 

Three types of addresses are permitted by this subroutine. 

(1) A numeric address consisting of one to five characters, each of which 
is a digit 0-9.   Such an address (n) refers to the n^ element in a 
specified array. 

(2) An alpha address consisting of one to six characters, the first of which 
must be alphabetic (A-Z).   The remaining may be alphabetic or numeric 
(A-Z or 0-9).   Such an address refers to the n"1 element in a specified 
array (1 « n < 26), where the first character of the address corresponds 
to n as the 26 letters of the alphabet correspond to the integers 1-26. 

(3) A matrix address consisting of two or more numeric fields separated by 
commas. For example, the address 53, 47 refers to the element in the 
5.;r ' row and the 47tn column of a two-dimensional matrix. There is no 
lin,^ to the number of dimensions in a matrix address. 

3. Input Card Format: 

A standard submittal form (see attachment) has been designed for the analyst. 
This form provider for entering parameter values with their associated addresses. 
The user indicates blank cards to separate data sets.   The keypunch operator has 
the option of punching one address and value per card, or, if the addresses are 
sequential, of punching one address and several values on a card. 
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Only columns 1 -72 of a card are used.   Each column nv st contain one of the 
following:   a digit  (0.-9). a " + " or " - " sign or a dash, a letter (A-Z), a period, 
a comma, or a blank.   Each punched card must contain one parameter address. 
The address may start in column 1. or. If des>red, may start In a later column, 
provided all columns before it are blank.   The address is terminated by at least 
one blank column.   Only one addre^a is permitted on the card.   Succeeding col- 
umns; contain one or more parameter values, each separated by one or more 
blank columns.   A value may be signed or unsigned.   The length of the value field 
i.«. variable.   No blanks are permitted within a value field.   A value may be punched 
with or without an exponent.   An exponent Is recognized by the presence of a plus 
or minus sign (or dash) between the fractional part and exponent part of the value. 
Decimal points (periods) may be punched in either the fractional or exponent parts 
of a value.   If more than one value is punched on a card, those after the first will 
be entered at sequential addresses relative to the address of the first value. 

4. Usa^je^ 

A data set is read by the use of the statement: 

CALL DATA (X, I) 

in a FORTRAN program for the IBM 7090.   The argument  X   is the name of an 
array in the program.   The argument   1   is an indicator set by the subroutine. 
This indicator may be tested by the main program upon return from the sub- 
ri'Uline,   It will have a value of  0   or   1   or   2 . 

0:     The subroutine has read a data set.   The main program will normally 
proceed to operate on this data. 

1: The subroutine has read the second blank card which terminates the 
parameter deck. The main prograni will normally terminate at this 
point. 

2: The subroutine has read a "bad" data card. The main program may 
terminate the run, or ignore the card and return to the subroutine to 
read the rest of the data set. 

If the cards to be read contain matrix addresses, additional arguments must be 
included in the FORTRAN calling statement: 

CALL DATA (X, D1. D2.  D3 D ,  I) 

where D. Is the i1" dimension of the matrix  X. 

5. Method: 

See the attached flow chart.   DATA reads parameter values and loading addres- 
ses from cards.   If sense switch 5 is up,  it will read the values and addresses from 
tape (unit A2).   It converts the values to floating point numbers, and stores them as 
elements of an array specified in the calling statement.   The elements are specified 
by the addresses.   If a card (or tape record) is read which contains non-permitted 
characters (see input card format above), DATA prints the statement "bad data card," 
followed by an image of the card itself. 

E-2 

-. ■ 



.. 

• * 

1     —wwFT«np^i 
.■ 

- /■ 

' 

6.   Coding Information: 
See the symbolic listing included in this appendix.   DATA is written in the 7090 

FAP language.   It must be used in conjunction with the BELL system.   It requires 
401 words storage space. 
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SYMBOLIC LISTING 

FAP 
ENTRY DATA 

DATA SXA XI.1 
SXA X2.2 
SXA X4«4 
CAU 1.4 
ADO CORE 
STO XLOC 
AXT 1*1 
SXA • ♦l.l 
CAU ••.♦ 
ANA MASK 
TNZ •♦2 
TXI •-<nl.l 
SXA EXIT»! 
TXI •♦l.l.-l 
SXA •♦1.1 
CLA • ••4 
STA Al 
STA F1A 
STA 112 
AXT 1.1 RETURN IN 

Al SXO •♦.1 
A TSX HHREAD.4 READ A CA 

PZE CARD 
TRA EXIT 
TRA BAD 
ST2 ADORES ADDRESS ■ 
STZ VALUE VALUE - 0 
SU EXP EXP ■ 0 
ST2 POINT POINT • 0 
AXT 1.1 FIELD ■ 1 
SXA FIELD.1 
AXT 13.1 

A2 TNX HH.1.1 COLUMN 6T 
AXT 42.2 
SXA COLUMN.2 

B LXA COLUMN*2 COLUMN > 
TNX A2.2.6 
SXA COLUMN*2 
LOQ CARD*12*1 
ROL 36*2 
PXD 0*0 
LGL 6 
STO CHARAC 
ORA FLOAT 
FAD FLOAT 
STO NUMB 
AXT 42.4 
CLA CHARAC 
CAS TABLE+42.4 
TRA •♦2 
TRA ♦♦3 
TIX •-3*4*1 

>  COLUMN-» 1 

. 
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TRA BAD 
LXA FIELD.2 
TRA Fl*l,2 
TRA F7 FIFLD«? (EXPONENT FIELD» 
TRA F6 FIELO'6 (VALUE FIELD» 
TRA F6 FIELD-3 (BLANKS AFTER ADDRESS) 
TRA F* FIELD>4 (ARRAY ADDRESS) 
TRA F3 FIELD-3 (ALPHA ADO«»ESS: 
TRA F2 FIELD«2 (NUMERIC ADDRESS) 

Fl    TXM B.4.M FIELD»! (BLANKS BEFORE ADDRESS) 
FU   ST2 • • RETURN INDICATOR ■ 0 

AXT 2.2 FIELD - 2 
SXA FIELD.2 
TXH H.4.31 NUMERIC CHARACTER 
TXH I .<t.2S SIGN OR DASH 
TXL BAD.4.2 
AXT 3.2 ALPHA CHARACTER. FIELD ■ 3 
SXA FI'ELO.2 
TXl • ♦1 .4,-2 ADDRESS * NTH ALPHA 
SXA ADORES.4 
TRA B 

F2    TXH J.4.41 BLANK, CHARACTER 
TXH H.4.31 NUMERIC CHARACTER 
TXH K.,4.28 SIGN OR DASH 
TXH BAD.4,2 
TXH L.4.1 PERIOD 
AXT 4.2 COMMA.FIELD « 4 
SXA FI.ELD.2 
AXT 2.2 
SXA DIMENS.2 DIMENSION • 2 
CLA ADDRES TEST ADDRESS 
T2E BAD 
TMt BAD 

F2A   STZ ADDER ADDER»0 
TRA B 

F3    TXH J.4.41 BLANK CHARACTER 
TXH B.4.31 NUMERIC CHARACTER 
TXH K..4.28 SIGN OR DASH 
TXH B.4.2 ALPHA CHARACTER 
TXH L.4.1 PERIOD 
TRA BAD 

Fft    TXH M.4.41 ÖLANK CHARACTER 
TXH N.4.31 NJMERIC CHARACTER 
TXH Pi4,2« SIGN 0? DASH 
TXH BAD.4.2 
TXH Q.4.1 PERiur 
TRA T COMMA 

F5    TXH b.4.41 BLANK. LhAKAvTEk 
AXT 6.2 FIELD = 6 
SXA FIELD.2 
TXH U.4.31 NUMERIC CHARACTER 
TXH ii«.4.28 SIGN OP DAbli 
TXH BAD,4,2 
TXH G.4,1 PERIOD 
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TRA BAD 
P6 TXH X,4.M 

TXH UttOl 
TXH T.<..28 
TXH BAL i<..2 
TXH Gttf I 
TRA BAD 

F7 TXH Zi*.*l 
TXH eB.<..3i 
TXH EE.<i.20 
TXH BAD.4.2 
TXL BAD.4.1 

G AXT 1.2 
SXA POINT.2 
TRA B 

H LDO ADORES 
MPT HID 
XCA 
ACL CHARAC 
STO ADDRES 
TRA B 

1 TXH B.4.30 
CLA ADORES 
SSM 
STO ADDRES 
TRA B 

J AXT 5.2 
SXA FIELD.2 
TRA B 

K TXH LI.4.30 
CLA VALUE 
SSM 
STO VALUE 
TRA LI 

L AXT 1*2 
SXA POINT.2 

LI AXT 6.2 
SXA FIELD.2 
TRA B 

M AXT 5.2 
SXA FIELD.2 
TRA S 

N LDO ADDER 
MPY HID 
STO ADDER 
TSX Tl.* 
MPY CHARAC 
XCA 
ADO ADDER 
STO ADDER 
TRA B 

P TXH R.4.30 
CLA VALUE 
SSM 

BLANK CHARACTER 
NUMERIC CHARACTER 
SIGN OR DASH 

PERIOD 

BLANK CHARACTER 
NUMERIC CHARACTER 
SIGN OR DASH 

PERIOD. POINT • 1 

ADDRESS ■ 10 X ADDRESS + N 

♦ SIGN 
SET SIGN OF ADDRESS 

FIELD ■ 5 

4 SIGN 
SET SIGN OF VALUE 

POINT ■ 1 

FIELD ■ 6 

FIELD ■ 5 

ADDER « 10 X ADDER ♦NX PROD 

*  SIGN 
SET SIGN OF VALUE 
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STO VALUC 
TRA R 

0 AXT 1*2 POINT > 1 
SXA POINT.2 

R AXT 6*2 FIELD • 6 
SX* FItLO.2 

S LXA EXIT.2 CHECK DIMENSION 
TXI •♦1.2.-3 
PXA 0.2 
SUB OIMENS 
TN2 BAD 

T TSX T1.4 ADDER-ADDER-PROD 
CLA ADDER 
SUB PROD 
STO ADDER 
TZE BAD CHECK ADDER 
TMI BAD 
ADD AODRES 
STO ADORES 
CLA DIMENS 
ADD Ml 
STO DIMENS 
TRA F2A 

Tl SXA H.ft PROD ■ PRODUCT OF DIME 
CLA HI 
STO PROD 
STA T3. 
LXA DIMENSf2 
TXI •♦1.2.-1 
LXA X4.4 

T2 CAL T3 
ADD HI 
STA T3 

T3 CLA • •.«. 
STA •♦1 
LOO • • 
ROL 1« 
MPY PROD 
STQ PROD 
TIX T2.2.1 

T4 AXT • *,4 
TRA 1.4 

U CLA POINT TEST POINT 
TNZ V 
LDO VALUE VALUE • 10 X VALUE ♦ N 
FMP DEC10 
SSP 
FAD NUMB 
LDO VALUE 
LLS Ü 
STO VALUE 
TRA B 

V LXA POINT.4 VALUE ■ VALUE ♦ N/llO* 
CLA NUMB 
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M)»' Mt >   III 
«< A 

1 1 » ■    .•»«I.I 
1 I<U VAi ilt 
I 1 •• li 

^ AU VAlUI 
•.m VAI lit 
INA I'll 

M 1 >lt h.<.»^ii 
( I A VAIUF 
\'.M 
SIO wAine 
IHA 11 

1 ( 1 A > 1 Ul 
MJM Af/UM» 5. 
MA •♦? 
f I A VAl.Uf 
MU • • 
INA AA 

y AX 1 1,2 
'.XA f IIL0.2 
IXH (A>I4I. in 

( 1 A f xc 
V.M 
Mil 1 X»' 
IRA G(. 

/ ( I A XI U( 

'.Uli AUI'HtS 
MA /I 
( I A hi ' in 
I O'i 1 XH 

i Al 1 1 *(M1 
X( A 
1 Ml' VAI UF 

/I MO • ■ 

AA M/ VAI lif 
IKA M 

III« (1 A porwr 
IN/ ci 
LDÜ f K»' 

»Ml» otciü 
SSP 
FAD NUML* 

LOU »:X(> 
LLS Ü 
STO EXT> 

TRA B 
CC LXA POINT.4 

CLA NUMB 

FOM 0FC10 
XCA 

1 I« •-2.*.1 
LDO EXP 
LCS 0 

• SIGN 
SET SIGN OF VALUE 

XIAUDRESSI • VALUE 

FIELD • 2 
♦ SIGN 
SfT SIGN OF EXP 

XlAOORfSSl • VALUE X 10**EXP 

VALUE • 0 

TFSI POIN1 

EXP ■ 10 X EXP ♦ N 

EXP • EXP ♦ N/(10**POINT| 
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f «ti t up 

MO f «(■ 
(•(> i LA f'OlNI 

A|.i> Ml 
SIU fOlti\ 
if<A b 

r (        (i« *iI» 
l.>ir Af.i'kf s 
-.'* IM 

1  *    111. 
I 1>U    I  ' > 
• ALI     <  Al'i  1 
«, A 

^ H(-    V Al li| 

I 11 •, Hi   • • 
r-xi» otii 

TXH   •♦?%<,,3II 

itU   VA1 Uf 
tf s i;   i «f- 

A* i   r)./ 

SXA »  11 LI./,? 

CAL AüiiHi S 

Al<(> Ml 
SI W Al>|.«» S 

du MZ CO I NT 
IRA b 

HM I xA Ml Lh.l 

T X L .1 J t 1 , 1 
TKl bADili4 
T XI A . 1 , '- 

TXh 11,1.6 
CLA ALOC 

Slih ADi'Mi '. 
i.IA •♦/? 

CL* vAl.Uf 
',TU •• 

tfA A 

II TXH BAb.j .7 
riA  xior 

Suh   AUUHt• 

SIA   I It 
CIA   Of CIO 

LfiÜ   i *P 
CALL   EXP(3 
XCA 

fMP   VALUE 
III STO  •• 

TRA   A 

BAD TSX   HPRINTt« 
P2£   PRINT,Oil9 
AXT   2,1 

I 12        SXD   ••,! 
XI AXT   ••.! 

t'OINT    «.    Pf.lNI    t    1 

XlAfU'MfSM    ■    t/Allll     I    l.i««f«P 

VAidt    ■    0 
♦   SIGN 
'.FT   SICN   Ot    VAUJF 

J /.P   ^    . 

f I f'. U   «    ». 

AOORtbS    -   Anl.Kl '.i   ♦    i 

POINI    »    i) 

Ml ll<<- i ..   Mil 

Mllh-->,   (.1 Au   ANOlMM   CAkO 

Mtll'-f..    A I Al»U(<l «,'  |    .   VALKl 

f irtn»?, 

»(Ai)(ji<e svi VALiit    ►   ^l••^x^, 
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*2 AXT ••.2 
X« AXI ••t* 

EXIT TRA • ••4 

MASK OCT 777777700000 
PRINT BCD 3 BAD DATA CARD... 
CARD BSS 12 

AODRES HTR • • 

VALUE HTR i« 

EXP HTR • • 
POINT HTR • • 

FIELD HTR • • 
COLUMN HTR • • 
TABLE OCT 60 BLANK 

OCT Ü Ü 
OCT 1 1 
OCT 2 2 
OCT 3 3 
OCT u 4 
OCT 5 5 
OCT 6 6 
OCT 7 7 
OCT 10 8 
OCT 11 9 
OCT 20 ♦ SIGN 
OCT 40 - SIGN 
OCT 14 DASH 
OCT 71 I 
OCT 70 Y 
OCT 67 X 
OCT 66 W 
OCT 65 V 
OCT 64 u 
OCT 63 T 
OCT 62 s 
OCT 51 R 
OCT 50 0 
OCT 47 P 
OCT 46 0 
OCT 45 N 
OCT 44 M 
OCT 43 L 
OCT 42 K 
OCT 41 J 
OCT 31 I 
OCT 3C H 
OCT 27 G 
OCT 26 F 
OCT 25 E 
OCT 24 D 
OCT 23 C 
OCT 22 B 
OCT 21 A 
OCT 33 PERIOD 
OCT 73 COHMA 

R-13 
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CHARAC MTR •♦ 
DIMENS Hin — 
AOOCR MTR •• 
HIO  Hin  10 
DECIO DEC 10*0 
Hl   Hin  1 
PROD HTR •♦ 
AMASK OCT 77777 
FLOAT OCT 293000000000 
NUMB HTR •• 
XLOC HTR •• 
CORE OCT 100001 # 
JJ SYN XI 

END 
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Submitted bjr 

Program No, 

OEG COMPUTER DATA SUBMITTAL FORM 

DM«: 

Est. Time ClastUlcatlon 

Special Instruction«: 

Address Value Address Value Address Value Address Value 

f' 

• 

"*"' 

NOTES: 

I. 
2. 
3. 
4. 
5. 
6. 

A value of zero must be entered as 0, not left blank. 
Decimal pts. may be omitted if understood to follow the rightmost digit. 
The value 3 X 10    may be entered as .00003 or 3-5, not as 3 X 1P'S. 
The factor portion of a value may not contain more than 8 digits. 
The exponent portion of a value must He within the range ±39. 
Exponents may be omitted If zero.   If not, they must be signed. 

7.   Blank cards should be indicated by: 

E-15 
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None 
Stcurity Clwification 

DOCUMENT CONTROL DATA • R&D 
fS«curttr clMaiflcalifln of fill«   body of «Aolrocf and indojimtf «inotofion mwaf 6« onfofvtf «Aon tfio o««faJI rmßmrt im cliflfiWj 

I    OKIGINATINC ACTIVfr rCoipor»* «urr>or> lla    MC»OMT IICUKITT   C L»»»iric« TIOM 

Operations Ivvuluatiun Clruup, Center fur Nuvul Analyses        None 
of the Franklin Institute 2k   •«Our 

None 
3   HtPOmi TITLC 

Complex Target Coverage   DKG Computer Program 13-63? 

4   OISCNimvf NOTIt (Typ» of roporf and ineluaiva datoaj 

Revised version (26 March 196.^) of earlier publication. 
I  AfjrHOm(S) (L—i nmtt; Hm ntmm. Inlllml) 

Smith,  R.L., Westluncl, G.A.,  DePoy, P.K.,  Ridings,  R.V.,  and Denenlierg, S.A. 

• ncpomj DATE 
26 March 1965 

7«    TOTAL NO    or   PACIt 

50 
■ •.   CONTRACT  OH  SAANT   NO. 

NONR 3732 (ÜU) 
ims) 

OKG Research Contribution No. 68 
6. PHOJCCT NO 

tb   QTHCR KIPOIIT NOfS; (Any o»itnxmtbtn «tar may 6* aaalfnad 

10   * VA IL ABILITY/LIMITATION NOTICES 

Qualified requestors may obtain from DDC.   Not cleared for public release. 

II. tU^LEMBNTARY NOTES 

Supercedes OEG Interim Research 
Memorandum No. 45 

It   JPONSONINC MILITAMY ACTIVITY 

Office of Naval Research 
Navy Department 
Washington 25, P.C. 

IS   ABSTRACT 

This research contribution presents a usage manual for an IBM 7090 computer progran 
The program employs a Monte Carlo simulation to determine the probability of destroying 
individual point targets within a target complex with one or more groups of weapons.   It is 
assumed that the groups are delivered with a b'variate normal aiming error and that the 
individual weapons are distributed with an independent bivariate normal ballistic dispersion 
The program is designed for conditional damage data for fragmentation generated by an 
IBM 7090 program furnished by the U.S. Naval Ordnance Test Station (NOTS), China Lake. 
A flow chart, a listing of the FORTRAN program and a sample problem are included. 
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Probability of target destruction 
Destruction of point targets in target complex 
Monte Carlo simulation 
IBM 7090 computer program 
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INSTRUCTIONS 

I.   ORIGINATING ACTIVITY:    F.ntvr -:.«- u.n.« «ml adjuss 
of (he contractor, aubrunlractor, grantee. Dcpnrt.neni ut Dc- 
f«nte activity or other organwatioi. (vtrponuc uuf/iwr) i^suin^ 
the report. 

2a.   REPORT SECUMTY CLASSIMCA i ION:   i.m.'i the , V<T- 
all tacurity claaaifiration «f the rcp^n.   IrJu it« «w«Mher 
"Reatrirted Data" is included.    Mdikitv. ii; >o I.     .ui( 
ancc with appmpriate security retul.iiions. 

26.   GROUP:   Automatic downgrading is spccili J in fKili Pi 
rectivc 5200.10 and Armed Forces Industiiiil Mai.uul.   S'II'IT 
Ihe group number.   Also, when applichMf, slinw in.''    ;   II,I..I 
markinits have been jsed for Group 3 am! Gump : .■■   .i'jtl;.^r- 
ued. 

3. REPORT TITLE:    Enter the coniplfti-in.-n i:"t  i». ..'' 
capital letter«.   Title» in alt caaet. should b<x \XM K.- Hi. 1. 
If a meaningful title rannut be selected withi ut tLnsilu .»• 
tion, show title rlussiftralinn in all lapilal« i» puieilM .< . 
immediately following tht title. 

4. DESCRIPTIVE NOl'US    If iffiroptiMv. einer t.i-  .vt-     ' 
report, e.g., inlerim, progress, sunmaty.  uimtAl   oi fia-il. 
Give the inclusive dxtes *hf:i n soociffi- rep.':ii-.g ,»• 
covered. 

imposed t>y security < lasvilication, using standard atateme.ita 
KUI I, as; 

"Qualified requesters may obtain copies of this 
report from DDC" 

"Foreign announcement and dissemination of this 
n-pr.rt by DDC is not authorized" 

"U. a. Government agencies may obtain copies of 
(his report directly from DDC.   Other qualified DDC 
users shall request through 

"ti. S. nlitary agencies may obtain copies of this 
report Jiroaly from DDC   Other qualified user« 
-hall request through 

(M "All distribution of this report is controlled.   Qual- 
ified DDC users shall request through 

5. AUTHOR(S);   E.iter the n«me<!i.i •.( authoK'.' as .-.hf «n -.r. 
or in the teport.   Entei last name   fir41 lunnt, hiiaile ittiti.it. 
If xilitaiy. kty.« rank ,.fid b.-anh    I f.trvic.   Tn^n.ir.r     ' 
the prmripal .. Ilior is ^n .il .-.ol^t.   n'iniin.mi rf^.iu.Mi.t r 

6. REPORT DAT'.-   Kr.lei u.c .lute ..t •hf i-.-poit J» ■.. » 
month, year; or month, year     If more iLan <>nt- >iui.; aui •   r 
on the rep ~n, a»» dt.1.-  if pibii. atio.-t. 

7«.   TOIAL NUMBER OK PAGhS.    I l.r i  t.i ,,..,,. i .I.,H 
should lolli'W ncrmul panmati'. i pivi e.!.i/< -. i.e.. e'i'vr tK.' 
number of pages cont<*ini.ii; in|t'rri.,.tii.n. 

7t.   NUMUKROI   KEFERENCI-T.    I'.otm tin I.Hal II-.K*.    ..| 
references cited in the report- 

8a.   CONlhACr OR llk/.ri  NIMiU...'     it.+ .i'  i;u.. .-.   -nte. 
the rf(i|jtuHt)le auiitber ivi the vcnua-t er ^,-atu       -ti «vhict. 
ihe report was wtitlvn. 

8b. a, «t »J.   PROJECT NUMBI.K.    tntti li.r airio.'ii . e 
military department iJ^iailu uticui   ;.ui-li as pa.-cct ■i-.r'**, 
kuhproject numher. syslen nambei :, ttkk iiutibci-, eli 
9«.   ORIGINATOR'S REPORT NuMi.HitV   tmer ih.   ifu- 
cial rcfiorl number by which the IU ^ -jinenl viM IJC iiieiy ili.ft 
and contiolled by the originating ..(tiny     I'Ki» nan" «i •-.Mi  ' 
be uniqui to this report. 

>><>. OIHEH REPORT Nl)MHER(S): if the .. .rl ...« b> .<r 
assigned any other report numbers (mlhrt tty ihr ■jti&tnuii.i 
or by rfie sponsor), also enter this numl iris), 

10.   AVAU AIULITV/LIMITATION NOTK-KS:   Enter any U«f 
ttations on further dissemination ul tttu rcpott   othei thad thus« 

If ihr .eputt has been furnished to the Office of Technical 
>iivi' ef., Depii.meni nf Commerce, for sale to the public, indi- 
cat» this fact and enter Ihe price, if known 

It. SUPPLEMENTARY NOTES: Usf for additional explana- 
tory nr.teii. 

12. SPONSORING MIMTAm ACTIVITY: Enter the name of 
the .lepartmontvl prnje. t office or laboratory sponaonng fpay 
iii»! fa») i ni rcaeiuth and development.   Include address» 

M "VBS'i'kACl"; E.iter an kbatracl itiving a brief and factual 
suii.niary ci the dncuinent indicative of the report, even though 
it ir-.iy dlso appeal elsewhere in the body of the technical re* 

II.    II tiiMi'ional space is required, a continuation aheet shall 
U- attached 

It m higl.ly d.'si.-uhle that the abstract of classified reports 
l>- nrw la.i^ified Each paiagraph of the abstract shall end with 
.n ii',.1i'alion n( the military security classification of the in- 
loin.ali>.n in the |.ai>itraph   represented as <TS). IS)   (C), w IU) 

ih«r'.' is no titiiitstion uo the length of the abstract 
► vt i    the sagnesied length is irom ISO to 22S words. 

U 

How 

KlCV WORuj.;   Key w-.rds are technically meaningful leims 
or short phrases tliat chaiacterize a report and may be uaed as 
indi« entries for raiuinging the report     Key words must be 
-.i-leetml !■" thai no security r lassification ia required.    Identi 
lie"    MICII as equipnient uiodel designation, trade name, military 
r • let t <-< de nanu', geographic location, may be used aa key 
wcnlu but will be fi.llowcd by an indication of technical con- 
text     The aaaignnient of links, r«les, and weighta is optional. 
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